A new, less expensive, solvent-free procedure was developed for the synthesis of some new derivatives of various fused heterocyclic ring systems, namely azolopyridazine, azolotriazine, azinotriazine, thienopyridine, and pyrazolopyridine. The structures of the products prepared were established by their spectral data and elemental analyses.
Introduction
A literature survey revealed that many fused heterocyclic systems exhibit diverse biological activities. For example, some pyrazolo [3,4-d] pyridazines were reported to show good antimicrobial, anti-inflammatory, and analgesic activities 1 as well as antibacterial and antifungal activities. were reported to exhibit remarkable cytotoxic activity against colon, breast, and lung carcinoma cells, 3 while some other derivatives were reported to have selective cytotoxicity in hypoxic and normoxic conditions. 4 Furthermore, some thieno [2,3-b] pyridines exhibit inhibitory activity against c-Src 5 and eEF2-K. 6 Pyrazolo [3,4-b] pyridines were reported to act as potent A 1 adenosine antagonists. 7 In the light of these findings and in continuation of our interest in the synthesis of various heterocycles via the utility of hydrazonoyl halides as useful precursors, 8−10 we wish to report herein a new synthetic strategy for synthesis of pyrazolo [3,4-d] pyridazine and isoxazolo [3,4-d] pyridazine derivatives of expected biological interest. The previously reported method for synthesis of the former ring system depends on the conversion of the title compounds into the corresponding enaminones via their reaction with DMF-DMA, which is an expensive reagent. Instead of this method, we report herein the use of a much less expensive reagent, namely ethyl formate/sodium methoxide, to convert the title compound into the corresponding sodium salt of the enol tautomer of 3-(5-methyl-1-phenyl-1H -pyrazol-4-yl)-3-oxopropanaldehyde 3 (Scheme 1). The latter salt proved to be a very useful precursor for solvent-free synthesis of the target compounds as indicated below.
Results and discussion
Treatment of 4-acetyl-5-methyl-1-phenylpyrazole 11 1 with ethyl formate in sodium methoxide afforded the sodium 3-(5-methyl-1-phenyl-1H -pyrazol-4-yl)-3-oxoprop-1-en-1-olate 12 3 (Scheme 1). In this investigation, grinding of the latter sodium salt 3 with each of the hydrazonoyl halides 4 in the presence of sodium carbonate gave, in each case, one isolable product as evidenced by TLC analysis of the crude product. The isolated products proved, on the basis of their spectra (IR, MS, and 1 H-and 13 C-NMR) and elemental analyses (see Experimental R Y 5a, CH 3 H b, CH 3 4-CH 3 c, CH 3 4-Cl d, CH 3 4-Br e, CH 3 4-OCH 3 f, CH 3 4-NO 2 g, C 2 For example, the IR spectra of all compounds revealed a common C=O band in the region υ 1630-1658 cm −1 . In addition, the IR spectra of compounds 5a-f exhibited an acetyl C=O band in the region υ 1685-1691 cm −1 and compounds 5g-i and 5j-l showed their ester and anilide C=O bands near 1716 and 1681 cm −1 , respectively. The 1 H NMR spectra of compounds 5 revealed, in addition to the aromatic proton signals, a characteristic singlet signal near δ 8.95 assignable to H-5 of the pyrazole ring residue. 13 In addition, the assigned structures for the isolated products were confirmed by the similarity of the physical properties of compounds 5a-c and 5g-i with those previously reported.
14 Furthermore, the structures of the products 5 were established by their chemical reaction with hydrazine hydrate. Thus, grinding each of the 2 products 5a and 5g with hydrazine hydrate resulted in their conversion into the pyrazolo [3,4-d] pyridazine derivatives 6a and 6g, respectively (Scheme 1).
The structures of the products 6a and 6g were elucidated on the basis of their spectra (IR, MS, 1 H NMR) and elemental analytical data (see Experimental). For example, while the IR spectrum of 6a revealed the absence of carbonyl absorption bands, the spectrum of 6g showed an OH band near 3521 cm −1 . The 1 H NMR spectrum of 6g revealed the absence of the triplet and quartet signals of the -COOCH 2 CH 3 group present in the spectrum of 5g.
Similarly, reactions of the salt 3 with each of the hydroximoyl chlorides 7 under the same reaction conditions furnished the products 8 (Scheme 2). The assigned structures of the latter new products 8 were consistent with their spectroscopic data (IR, MS, 1 H NMR) and elemental analyses (see Experimental). For example, the IR spectra exhibited, in each case, 2 common C=O absorption bands in the regions υ 1636-1638
and υ 1690-1697 cm −1 . Moreover, the 1 H NMR spectra of compounds 8 revealed, in addition to the aromatic proton signals, a characteristic singlet signal in the region δ 10.02-10.12 assignable to H-5 of the isoxazole ring residue. 13 This finding indicates that reactions of 3 with 7 follow a regioselective pathway similar to that found for the reactions of 3 with hydrazonoyl halides 4. This conclusion was further confirmed by our finding that grinding each of the products 8 with hydrazine hydrate afforded the corresponding isoxazolo [3,4- Next, reactions of 3 with diazotized substituted 5-amino-pyrazoles were examined. Thus, reaction of 3 with each of diazotized 5-amino-substituted pyrazoles, 3-amino-1,2,4-triazole, 2-aminobenzimidazole, and 5-amino-2,4-dimethyl-pyrazolo [3,4-b] To account for the formation of the latter products, it is suggested, as depicted in Scheme 4, that the reactions started with the initial formation of the corresponding Michael adducts as intermediates, which in turn undergo tandem in situ cyclization, dehydration, and oxidation to give the corresponding 15-17 as end products.
Finally, we studied the reactions of pyridinethione 17 with ethyl chloroactate, ω -bromoacetophenone, and hydrazine hydrate. In our hands, grinding of 17 with each of such reagents in the presence of potassium carbonate yielded the products 18-20, respectively (Scheme 5). The structures of 18-20 were confirmed by elemental analyses and spectral data (see Experimental). 
Antimicrobial activity
The synthesized products 5a, 5b, 6a, 6g, 8a, 9a, 13, and 17 were screened for their antimicrobial activities in vitro against the gram-positive bacterium Staphylococcus aureus (S. aureus), gram-negative bacterium
Escherichia coli (E. coli ), and the fungus Candida albicans (C. albicans) under the same conditions using trimethoprim as reference. The bacteria and fungus were subjected to susceptibility testing on Mueller-Hinton agar medium by the disk agar diffusion method. 18, 19 The results are summarized in the Table. Such results indicate the following:
1. Compounds 5a, 6a, 9a, and 13 exhibit high inhibitory effects against S. aureus and E. coli, while compounds 5b, 8a, and 17 have moderate inhibitory effect. On the other hand, compound 6g has no inhibitory effect towards either species, while compound 17 has no inhibitory effect towards E. coli.
2. Compounds 6a and 13 exhibit high inhibitory activities against C. albicans, while compounds 5a, 8a, and 9a have moderate inhibitory activity and compounds 5b, 6g, and 17 have no activity against this species. 
Experimental
All melting points were measured on Electrothermal IA 9000 series digital melting point apparatus. The IR spectra were recorded in potassium bromide disks on a Pye Unicam SP 3300 and Shimadzu FT IR 8101 PC infrared spectrophotometer. The 1 H and 13 C NMR spectra were recorded at 270 MHz on a Varian
Mercury VX-300 NMR spectrometer. 1 H NMR (300 MHz) was run in CDCl 3 and (CD 3 ) 2 SO solutions and chemical shifts are expressed in ppm units using TMS as an internal reference. Mass spectra were recorded on a Shimadzu GCMS-QP1000 EX mass spectrometer at 70 eV. Elemental analyses and the biological evaluation of the products were carried out at the Microanalytical Center of Cairo University, Giza, Egypt. 
Synthesis of pyrazoles (5a-l) and isoxazoles derivatives (8a-d)
General procedure:
A mixture of sodium salt 3 (0.25 g, 1 mmol) and each of the appropriate hydrazonoyl halides 4a-d or hydroximoyl chlorides 7a-d (1 mmol) and sodium carbonate (0.3 g) was thoroughly ground with a pestle in an open mortar at room temperature for 3-5 min until the mixture turned into a melt and grinding was continued for further 5-10 min and the reaction was monitored by TLC. The solid formed was washed with water and crystallized from the appropriate solvent to give corresponding pyrazole 5a-l and isoxazoles 8a-d derivatives, respectively. The synthesized compounds 5a-l and 8a-d together with their physical and spectral data are listed below.
3-Acetyl-4-(5'-methyl-1'-phenyl-pyrazol-4'-oyl)-1-phenyl-pyrazole (5a)
. Pale yellow solid; Yield 86%; mp 179
• C (Lit. 26 mp 178-179 • C).
3-Acetyl-1-(4-methylphenyl)-4-(5'-methyl-1'-phenyl-pyrazol-4'-oyl)pyrazole (5b)
Pale yellow solid; Yield 84%; mp 160-161
• C (Lit. 26 mp 160-161 • C). 
3-Acetyl-1-(4-chlorophenyl)-4-(5'-methyl-1'-phenyl-pyrazol-4'-oyl)pyrazole (5c)

3-Acetyl-1-(4-nitrophenyl)-4-(5'-methyl-1'-phenyl-pyrazol-4'-oyl)pyrazole (5f )
3-(2-Thienyl)-4-(5'-methyl-1'-phenyl-1H -pyrazol-4'-oyl)isoxazole (8b
3-(2-Furyl)-4-(5'-methyl-1'-phenyl-1H -pyrazol-4'-oyl)isoxazole (8c)
3-(2-Naphthyl)-4-(5'-methyl-1'-phenyl-1H -pyrazol-4'-oyl)isoxazole (8d)
Synthesis of pyrazolo[3,4-d ]pyridazines (6a,g) and isoxazolo[3,4-d ]-pyridazines (9a-d)
A mixture of the appropriate pyrazoles 5a and 5g (5 mmol) and hydrazine hydrate (1 g, 10 mmol) was thoroughly ground with a pestle in an open mortar at room temperature for 3-5 min until the mixture turned into a melt. The initial syrupy consistency continued for 5-10 min and the reaction was monitored by TLC. The solid was washed with water and crystallized from the appropriate solvent to give the corresponding pyrazolo [3,4- d]pyridazines 6a and 6g. When the above procedure was repeated using the appropriate isoxazole 8a-5 in place of the pyrazole 5, the corresponding isoxazolo[3,4-d]pyridazines 9a-d, respectively were obtained. The physical constants of the products 6a and 6g and 9a-d are given below.
7-Methyl-4-(5-methyl-1-phenyl-1H -pyrazol-4-yl)-2-phenyl-2H -pyrazolo[3,4-d]pyridazine (6a)
Pale yellow solid; Yield 89%; mp 232 The reaction mixture was stirred for a further 3 h. The resulting solid was collected and crystallized from the appropriate solvent to give the corresponding 10a,b, 11, 12, and 13, respectively.
4-(5-Methyl-1-phenyl-1H -pyrazol-4-yl)-2-phenyl-2H -pyrazolo[3,4-d ]-pyridazin-7-ol (6g)
4-(5-Methyl-1-phenyl-1H -pyrazol-4-yl)-7-phenylisoxazolo[3,4-d ]pyridazine (9a)
4-(5-Methyl-1-phenyl-1H -pyrazol-4-yl)-7-(thien-2-yl)isoxazolo[3,4-d ]-pyridazine (9b)
4-(5-Methyl-1-phenyl-1H -pyrazol-4-yl)-7-(naphth-2-yl)isoxazolo[3,4-d ]-pyridazine (9d)
(5-Methyl-1-phenyl-1H -pyrazol-4-yl)(7-phenylpyrazolo[5,1-c][1,2,4]triazin-4-yl)methanone (10a)
Pale yellow solid; Yield 84%; mp 242-244 
Synthesis of pyridine derivatives (15-17)
Method 
Synthesis of thieno[2,3-b]pyridine derivatives (18 and 19)
Method A: A mixture of the thione 17 (0.40 g, 1 mmol), potassium carbonate (0.14 g, 1 mmol) and the appropriate ω -bromoacetophenone or ethyl chloroacetate (1 mmol each) was thoroughly ground with a pestle in an open mortar at room temperature for 3-5 min until the mixture turned into a melt. The initial syrupy consistency continued for 5-10 min and the reaction was monitored by TLC. The solid was washed with water and crystallized from the appropriate solvent to give 18 and 19, respectively. To a solution of the thione 17 (0.40 g, 1 mmol) in ethanol (10 mL) was added hydrazine hydrate (1 mL) and the mixture was heated under reflux for 20 h. The solution was poured over an ice-water mixture and then neutralized by HCl. The solid product was filtered off, dried, and crystallized from ethanol to afford compound 
Preliminary antimicrobial screening
Overnight culture was streaked on the surface of a Mueller-Hinton agar plate. A sterile filter paper disk was saturated with 10 µ L of 0.5 mg/mL w/v solution of the compound under investigation in DMSO. The plates and disks were then incubated at 37
• C (for bacteria) and at 28
• C (for fungi) for 24 h and examined for inhibition zones to determine the activity of the tested compounds.
Conclusion
Compound 3 proved to be a useful precursor for synthesis of various fused heterocycles via its reactions with hydrazonoyl halides, hydroximoyl chlorides, and diazotized heterocyclic amines. Moreover, compound 14 proved
